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(H) We, Fyrehe Chemical Services 
LlMrrEl>, a British Company, of Ridgeway 
Iver, Buckinghamshire SLO 9JJ, do hereby 
declare the invention, for which we pray 
that a patent may be granted to us, and the 
method by which it is to be performed, to 
be particularly described in and by the fol- 
lowing statement:—- 

This invention relates to corrosion-resis- 
tant coatings, based on aluminium phos- 
phate, for metal surfaces. It is an object of 
this invention to provide a process for form- 
ing a coating on a metal, the coating having 
good corrosion resistance and providing a 
good undercoat for painting. 

It is well known to use cdatings based on 
phosphates and chroroates to provide anti- 
corrosive coatings or undercoats for paint- 
jpg- The coatings based on phosphates may 
be divided into those based on crystalline 
phosphates and those based on non-crystall- 
ine iron phosphates. 

All these coatings show some disadvan- 
tages, however. For example, although a 
coating based on manganese phosphate gives 
good corrosion resistance* it is not suitable 
as an undercoat for painting articles which 
may undergo intense plastic deformation. 
Conversely, a thin coating based on non- 
crystalline iron phosphate gives good plastic 
deformation properties, but shows poor cor- 
rosion resistance. A coating based on 
chromates has generally excellent corrosion- 
resistant properties but may show, over the 
course of time, undesirable results when 
used as an undercoat for painting. The use 
of hexavalent chromium ion is unsuitable 
because of the consequent environmental 
pollution. 

It is also known to use compositions com- 
prising alummium and phosphate ions for 
the provision of electrically insulating coat- 
ings on metals. However, as is well known 
m the art, these coatings have to be much 
thicker than corrosion-resistant coatings, and 
the problems associated with the two types 
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of coatings are known to be largely inde- 
pendent of each other. 

It has been proposed to include a minor 
amount of aluminium ions in a phosphatintf 
solution m order to inhibit the etching of 
the metal being coated in the formation of 
a coatrng based on zinc phosphate, and also 
to reduce the weight of coating. Japanese 
Patent Kokai No, 8511/74 disposes Vgys- 
tem in which alummium ions, e.g, as alu- 
minium phosphate, are included m a phos- 
phatmg solution having a pH ranging from 
3.5 to 5. A coating containing iron, phos- 
phate as the principal ingredient and minor 
amounts of alummium phosphate and iron 
oxides in order to enhance the corrosion re- 
sistance of the chemical conversion coating 
is achieved. Efowever, we have now found 
that the plastic deformation and corrosion 
f Sl ^ ProP^es of the coating may be 
still further improved. 

According to the invention, a corrosion- 
resistant coating consisting substantially of 70 
alummium phosphate is formed on a metal 
surface by a process comprising applying 
to the surface an aqueous acidic composi- 
tion having a pH of from 1.5 to 3.5 and 
comprising phosphate ions and alurriinium 
ions, the aluminium ions being present in 
an amount of from 0.01 to 10 grams per 
litre of the composition. 

The alummium ions may be included in 
the composition in the 'orm of an aluminium 
compound such as aluminium nitrate, alu- 
minium hydroxide or diiminium sulphate. 
The compound may be added either in solid 
form or as a solution into the acidic pfios- 
phating bath. The pH of the bath may 
then be adjusted as necessary. The content 
of aluminium ion in the bath is preferably 
m the range of from 0.2 to 3 grams/litre. 
If the amount is less than 0.01 grams/litre, 
then too thin a coating will result, whereas 
too high a content of aluminium ions is 
unfavourable economically. 

The acidic phosphating solution prefer- 
ably contains from 1 to 100 grams/litre, 
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most preferably from 5 to 50 grams/litre 
of phosphate ions. The source of phos- 
phate ions may be, for example, phosphoric 
acid, sodium dihydrogen phosphate or di- 
5 sodium hydrogen phosphate, in aqueous 
solution. For example, dilute phosphoric 
acid may be added with an aluminium com- 
pound, the pH of the composition then be- 
in K g vaIue of from 1-5 to 3.5 
10 by adding alkali eg. caustic soda, caustic 
potash orammonia solution 

It is found that if tlie pH of the composi- 
tion is less than 15, the etching action on 
the metal surface being treated is simifi- 
15 cant, whereas at a pH of more than 35, 
aluminium phosphate and aluminium hv- 
droxide are precipitated. 

If desired, the acidic phosphating solu- 
tion may contain an oxidising agent and 
a promoter for forming the coating. Suit- 
able additives are nitrate and/or chlorate 
- * ions in concentrations of up to 20 grams/ 
litre preferably of from 1 to 5 grams/litre, 
and/or nickel ions in a concentration of up 
25 to 5 grams/litre, preferably of from 0.01 
to 2 grams/litre. The solution may also 
contain sulphate ions in a concentration of 
up to 10 grams/litre in order to increase the 
film weight. 

30 Particularly suitable metals for coating by 
the process of the invention include iron, 

■- steel zinc or zinc-galvanised steel, alumin- 
ium and aluminium alloys. 
The process of the invention may.be car- 

35 ried out by immersing the metal surface 
to be coated in, or spraying it with, the 
phosphating solution at 30 to 90°C for 1 
to 5 minutes to form a chemical conversion 
coating in conventional manner. Alterna- 

w tively the metal may be subjected to electro- 
lytic conversion with alternating current by 
employing the metal as one electrode and 
for example, the metal itself, carbon, alu- 
minium or stainless steel as the other elec- 

45 trode. The distance between the two elec- 
trodes may be from 2 to 50 cm at a current 
density, measured in Amps per square deci- 
meter, of from 0.1 to 20 A/dm square pre- 
ferably from 3 to 5 A/dm square, for from 

w 5 seconds to 5 minutes. The coatfng may 
also be applied by direct current if, of the 
two electrodes mentioned above, the metal 
to be phosphated is the cathode. If neces- 
sary the electrolytic conversion may be com- 

^ bined with the chemical conversion bv dip- 
ping. 3 y 
A colourless or bluish interference coat- 
ing is formed on zinc or zinc-galvanised 
steel, and a bluish-green or violet interfer- 

6U ence coloured coating is formed on steel 
surfaces, by the above chemical or electroly- 
tic conversion processes. 

It has been confirmed by chemical analy- 
sis that the composition of the resultant coat- 

tt> ing consists of aluminium phosphate 



(AlPO v xH a O). Iron ions have been de- 
tected in minor amounts. 

The weight of coating formed generally 
S <P to 1.5 g/m*. Microscopic 
observation shows that the coating is very 70 
thin and has a non-crystalline appearand 
Despite this fact, when subjected to the 
saline-spraying test according to JIS-Z-2371 
it is shown to have excellent anti-corrosion 
properties m comparison with conventional 75 
phosphating coatings such as those based 
on iron phosphate, with zinc phosphate coat- 
ings having a coating weight ranging from 1 
to 3 grams/nr used conventionally as 
undercoats for painting, and with colourless 80 
chromate coatings having similar appear- 
ance to those based on iron phosphates and 
used as temporary anti-corrosive coatings • 

The coatings produced by the process'of 
the invention show similar or better per- 85 
tormances than the above comparative coat- 
ings in the adhesion of paint, and corrosion 
resistance after painting. 
. The following are some examples of the 
invention. 1 ^ 

_ EXAMPLE 1 

Process: Chemical conversion by dipping for 
3 minutes at 60°C lF 5 

SP mm) entS: SPCI StCel pIatC (70X 150x °.8 95 
Composition of phosphating solution: 

75% Phosphoric acid 

^mnrnium hydroxide Z £3 100 
£8% Sulphuric acid ... 1 0 

Sodium nitrate _ '][ 43 

The concentrate was made up to 1 litre 
by diluting it with water and the pH of the 105 

25S JS Bon was adiusted to ^ 0f whh 105 

pJhv P ho P Spbat5 ? g treatment under these 
%« f fc™? 1 a ^-aysteMne coating 
Whin 8 ! a - Vmg ,nte rference colour 110 
When the specimen was subjected to the sal- 

^ven P X nS o^ ^ ^ C ° uId «* obiiSl 
even after 90 minutes. When the saline 

an3 S WaS Carried out °» spec^ens 
applied with commercially available phos- 115 
phatmg solution based on iron or zinc phos- 

Eftes stains COUId be observed aft ^ r 30 

When Jhe same specimen, treated under 
the conditions of Example 1 but with the 120 
PH admsted to 5. was subiected to the saline 
spraymg test, stain could be observed after 
15 to 30 minutes. It appeared that, due to 
the Wh pH value of the solution, the con- 
version coating contained less aluminium 125 
Phosphate and more iron phosphate. 

EXAMPLE 2 
Process: Alternating current electrolytic 
conversion at 65°C. 130 
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75% Phosphoric acid 
AJuminhim hydroxide 
Aluminium nitrate 
W Water 



grams 
45.7 

6.3 
balance 



Alternating current electrolytic conditions: 

Current duration: 20 seconds 
Ratio of electrodes: 1-1 
Distance between electrode* • <rn ™~ 
Electrodes: Specimen ^ndcarbon^ate. 

20 f« A ^ ter treatment - the speciment was foimrf 

S £ EriSf*?! Spedmen (after P«S 
ELf^ E "chsen film tester, followed bv f 
m fricbon pull test with Scotch tape* * 

_ EXAMPLE 3 

Process^ Cathodic electrolysis conversion at 

45 ^Sr 1 -' SPCT 51661 P ,ate (70X150X0.8 
Composition of 1 litre of phosphating solu- 
tion (adjusted to pH 2.55 with NaOH)7 
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75% Phosphoric acid ... 
Aluminium nitrate 
Sodium chlorate 
Water 



grams 
39.2 
11.3 
1.1 
balance 



55 D &J'? t electrolytic conditions: 
Current density: 5 A/dm 2 
Current duration: 30 seconds 

Ration ^ Cimen and carbon P^te 
60 t£V ° f ? thode arca t0 a node area- 1 • 1 
60 D,stance be tween electrodes : 40 mm 



in^mtL ESS?- a no f • crystaninc coat * 

on thfs P ^S^ rC wf e „ C l our 0btained 
subjected to th^,t;„ n ^ SDecimei i was 

WHAT WE CLAIM IS:- 

which toe P SS,sS rdi " g c,aim 1 in 
to3g/l of C Sn£ir FnSeSfr0,na2 

claim 2 ufwS ^f" 6 % claha 1 <* «> 
from 1 to !me/?% ^Prises 
4 a -IT 8/1 of Phosphate ions. 

UP / 20 g/f 5 gjg* - J- «■ and/or 
daun fa SffftfSSSf •*? Receding 90 

claim £ &f ordin S . to any preceding 

claim 1n P wS ftf£?, to ^ P recedi "g 100 
mersed in, ™ ? spayed * ^ 

acidic composition * hc aqueous 

1 to 8 fa S33 B i? 50n %» to of claims 

stantiallt ^e^ 0 daim 1 «*- 
ence to^ofeSe? ^ 

hereon a 110 
tially of ahSnm ^ S l onsistin S essen- 
beed .formed T »Z£™ phat<s ™ hich ha * 
preceding claim P accoT &' a & to any 

gtt t ^xfex^PP^ants : 
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M/64 Chancery Lane, 
London, WC2A 1HN. 
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